Abstract: This randomized phase II study evaluated two schedules of the marine compound Plitidepsin with or without co-administration of L-carnitine in patients with renal cell carcinoma. Patients had adequate performance status and organ function. The primary endpoint was the rate of disease control (no progression) at 12 weeks (RECIST). Other endpoints included the response rate and time dependent efficacy measures. The trial also assessed the efficacy of L-carnitine to prevent Plitidepsin-related toxicity. The two regimes given as 24 hour infusion every two weeks showed hints of antitumoral activity. Disease control at 12 weeks was 15.8% in Arm A (5mg/m2, no L-carnitine) and 11,1% in Arm B (7mg/m2 with L-carnitine). Two partial responses were observed in Arm A (19 patients), none in Arm B (20 patients). Both schedules had the same progression-free interval (2.1 months). The median overall survival was 7.0 and 7.6 months. The safety
phase I trials evaluated the safety and established recommended dose for different schedules, including a 24-hour infusion every two weeks and supplemented or not with L-carnitine. Phase I trials found signs of antitumor activity in colon, renal, head and neck, and lung carcinomas, melanoma, lymphoma and neuroendocrine tumors. When the present study protocol was written, 23 patients with RCC had already been treated with one of the regimens evaluated in phase I with clinical benefit in nine patients [14] [15] [16] [17] .
The most frequent dose-limiting toxicity (DLT) in phase I was muscular and characterized by reversible increases in serum creatine phosphokinase (CPK) levels frequently associated with cramps, myalgia and proximal weakness. Muscle biopsies found minimal or no necrosis, non-specific accumulation of glycogen and autophagocytic vacuoles and, in one patient, type II fiber atrophy. Gastrointestinal toxicity and liver toxicity were dose-limiting in other schedules. No hematological DLT's were observed [14] [15] [16] [17] .
In one trial, four patients who had clinical benefit while receiving 24-hour iv. infusions every two weeks but developed muscular toxicity were treated empirically with L-carnitine. Plitidepsin inhibits palmitoyl thioesterase, which is related to carnitine palmitoyl transferases (CPT, mitochondrial enzymes that mediate the transfer of palmitate from the cytosol to the mitochondria). The myopathy induced by plitidepsin has clinical similarities with adult-onset CPT-2 deficiency. Administration of Lcarnitine at an initial dose of 1.5 g three times a day, which is the dose recommended in the treatment of deficiencies in L-carnitine [21] , allowed patients to continue receiving plitidepsin without any more disturbances. Prophylactic administration of L-carnitine increased the recommended dose for plitidepsin from 5 mg/m 2 to 7 mg/m 2 . The most relevant toxicities were asthenia, vomiting, myalgia, constipation and diarrhea for the 5 mg/m 2 dose, and asthenia, vomiting, diarrhea and transaminase elevation with co-medication L-carnitine [16] . The pharmacokinetic profile of plitidepsin administered as a 24-hour i.v. infusion every two weeks is characterized by dose linearity for area under the curve and maximum plasma concentration with doses up to 6 mg/m 2 , high interpatient variability and plasma clearance, long terminal half-life, and extensive distribution. The promising profile found in phase I led to the conduct of this phase II study that assessed the efficacy and safety of plitidepsin in patients with advanced RCC. This study applied the two recommended doses established in phase I : 5 mg/m 2 when given alone and 7 mg/m 2 when combined with L-carnitine.
Results and Discussion

Patients and methods
Patient selection criteria
This randomized, open-label, multicentric phase II trial was approved by ethics committees in all involved institutions. It was performed between October 2001 and February 2006. Main eligibility criteria : age >18 years, ECOG performance status 0-1, life expectancy >3 months, histologically confirmed RCC in advanced or metastatic stage, documented disease progression in the past 6 months, measurable, not previously irradiated lesions and no more than 2 lines of previous systemic treatment.
Biochemical selection criteria : neutrophils >1.5 x 10 9 /L, platelet count 100 x 10 9 /L, creatinine <1.5
upper limit of normal (ULN) or a clearance of >40 ml/min, serum bilirubin < 1.5 mg/dL, alkaline phosphatase <2.5ULN (up to 5 x ULN in case of bone metastases), transaminase <2.5ULN, and albumine >25 g/L. Patients were excluded if they had transitional cell carcinoma, nephroblastoma or sarcomatoid tumors, other previous malignancies, brain metastasis, hypercalcemia, myopathy or CPK elevation endocrine diseases or fructose intolerance.
Study design and endpoints
A total of 38 patients were randomized to receive plitidepsin either alone (Arm A) or combined with oral L-carnitine at a dose (Arm B). The sample size was based on a one stage Fleming design with a type I error of 0.1, a power of 90%, a PFS rate at 12 weeks for the null hypothesis of disease control rate=20% and for the alternative hypothesis =50. Treatment lasted until disease progression, unacceptable toxicity, prolonged treatment delay, protocol violations or patient's refusal. The primary endpoint was the objective rate of disease control, defined as the percentage of patients who were free of disease progression at 12 weeks. This endpoint is infrequently used in RCC trials but very common in other settings such as sarcoma. Secondary endpoints included the rate of objective responses and time-related endpoints. Response was evaluated using the Response Evaluation Criteria In Solid Tumors (RECIST) at eight weeks after treatment onset in patients who had received at least two infusions; absence of progression had to be confirmed with additional evaluations conducted four weeks later (i.e., at week 12) and then once every 8 weeks. Adverse events were evaluated using the National Cancer Institute Common Toxicity Criteria (NCI-CTC, version 2.0).
Drug administration and concomitant medication
Plitidepsin was administered as a 24-hour i.v. infusion every two weeks using a central or peripheral iv. line, either at a dose of 5 mg/m 2 or at a dose of 7 mg/m 2 , the latter combined with 1.5 g of oral Lcarnitine given every 8 hours. Each administration of plitidepsin was considered a cycle. Assignment to the treatment arms was randomized. L-carnitine started on the first day of treatment and continued up to 14 days after the last plitidepsin infusion. The plitidepsin dose could be reduced in the event of clinically relevant hematological and non-hematological toxicities. Patients were eligible for retreatment if they had recovered from all hematological toxicities, liver and muscular toxicity. If no recovery occurred, treatment was delayed for up to two weeks. Afterwards patients had to be withdrawn. Plitidepsin could be reduced in Arm A from 5 mg/m 2 to 4 and 3.2 mg/m 2 respectively, in Arm B, to 6 and 5 mg/m 2 . The dose of L-carnitine given to the patients in Arm B could be tapered off in the event of digestive discomfort. The protocol did foresee the following dose levels for L-carnitine : 4.5 g/day, 4.0 g/day and 3.0 g/day divided in 3 daily portions. All concomitant medications were recorded. Patients received prophylactic anti-emetics (dexamethasone, setrone, metoclopramide).
Patients in Arm A who developed grade 2 or greater muscular toxicity were allowed to receive treatment with L-carnitine until it decreased to grade 1 or less. Secondary prophylaxis with L-carnitine and continuing the treatment with plitidepsin without dose reduction was not allowed.
Diagnostic process
The following study procedures were conducted before the start of treatment: history, clinical examination, hematology and biochemistry, urinnalysis, chest X-ray and/or CT/MRI scans of all sites with measurable/evaluable lesions, and ECG. Objective progression at baseline had to be documented.
On study procedures : clinical examination, hematology and biochemistry, toxicity/symptoms, tumor imaging. Patients were followed for toxicity until the resolution of all AEs. All patients who received at least one infusion and were evaluated at eight weeks were to be considered evaluable for efficacy. Patients who received at least one infusion were evaluable for safety
The absence of progression had to be confirmed by imaging conducted at week 12. The duration of response was calculated from the date when response was detected to the date when progression was observed. The progression-free interval (PFI) was defined as the time from the first day of study treatment to the day of progression or the last day of follow-up. Overall survival was measured from the first day of study treatment to the day of death or last follow-up. A review committee independently reviewed the objective responses and all disease stabilizations.
Statistics
All patients (19 patients in arm A and 18 patients in arm B) were analyzed for response. The rate of disease control was calculated as the number of patients who were free of progression for at least 12±1 weeks divided by the number of patients evaluable for response. The rate of objective response was calculated as the number of PRs and CRs, divided by the number of patients evaluable for response. Means and standard deviations, or medians and intervals, were calculated for continuous variables. Absolute frequencies and percentages were calculated for qualitative variables.
Both PFI and survival were calculated according to Kaplan-Meier. Duration of response was calculated in responding patients from the date when response was first detected to the date of progression. If a new treatment was started before progression, duration of response, PFI and survival were censored.
Results
Study patients 39 patients were enrolled at eight sites in Spain and Belgium, 19 were randomized to Arm A and 20 were randomized to Arm B. Their median age was 56 (28-75) years. Performance status 0 and 1 were well balanced. There was a male predominace, most patients were Caucasians and all had metastatic disease. 89.7% of patients had previous surgery, 25.6% were pretreated with radiotherapy. Systemic pretreatment included immunotherapy in 74.4% and chemotherapy in 28.2% of patients. Thirteen patients (68.4%) in Arm A and 10 patients (50.0%) in Arm B had one or more cycle delayed. In Arm A, four patients had one cycle delayed, eight had two cycles delayed, and one had three or more cycles delayed. In Arm B, three patients had one cycled delayed, three had two cycles delayed, and four patients had three or more cycles delayed. No patients in Arm A underwent dose reduction. In Arm B, four patients had dose reductions.
Duration of treatment and reasons for treatment discontinuation
The median time on treatment was 60 days (28-800 days) for all patients : 63 days (28-800 days) in Arm A, and 57.5 days (28-366 days) in Arm B. Most patients discontinued due to progression: 12 patients (63.1%) in Arm A and 11 patients (55.0%) in B. The second most common cause was toxicity, which affected two (10.5%) and five (25.0%) patients (acute cardiomyopathy after 28 cycles ; muscular toxicity ; muscular weakness and CPK elevation, a combination of musculoskeletal cramps and CPK elevation ; a combination of grade 2 dyspnea, bronchial spams and atrial fibrillation ; three non-plitidepsin-related deaths).
Twenty-five patients with RCC died during the study period: 13 in Arm A and 12 in B. Twenty-two of these deaths were the result of progression. Three patients died unrelated due to other reasons.
Progression free and response rate
Three of 19 evaluable patients in Arm A showed no evidence of progression at week 12 giving an objective rate of disease control of 15.8% (95% CI, 3.4-39.6%). At 12 weeks, 16 patients in arm A (84.2%) and in arm B (88.9%) had disease progression. In Arm B, two of 18 evaluable patients (11,1%) had disease control week 12; (95% CI, 1.4-34.7%). Two patients in Arm A achieved confirmed PR (response rate 10.5%, 95% CI, 1.3-33.1%). They received 49 and 28 treatment cycles and while one of these patient was still on treatment at the cutoff date, the other discontinued the study due to depression unlikely related to the study treatment. Both were metastatic and had failed immunotherapy. The response was achieved after 30 and 24 cycles and the maximum tumor shrinkage in these patients was 41 and 39 %. One patient achieved confirmed stable disease (5.3%) Additionally, seven patients in Arm A had stable disease (SD) that remained unconfirmed at the end of the study.
No patients in Arm B achieved a PR, two had SD (11.1%) as best radiological response that was confirmed in at least two evaluations. They received 16 or 19 cycles and discontinued the study due to PD. Additionally, nine patients achieved unconfirmed SD.
Duration of response, progression-free interval and overall survival
The response in the patients who achieved confirmed PR was 9.51 and 2.5 months (median duration of 6.0 months).
In Arm A, the median PFI was 2.1 months (95% CI, 1.7-2.8 months) and the progression free rate at 3 months was 28.5% (95% CI, 7.5-49.5%), 17.1% (95% CI, 0.0-34.7%) at 6 and 11.4% (95% CI, 0.0-26.2%) at 12 months. In Arm B, the median PFI was 2.1 months (95% CI, 1.7-4.0 months), and the progression free rate at 3 months was 40.8% (95% CI, 17.0-64.6%), 16.3% (95% CI, 0.0-36.3%) at 6, and 8.2% (95% CI, 0.0-23.2%) at 12 months.
In Arm A, the median OS was 7.0 months (95% CI, 4.1-23.2 months) and the survival rates at 6 months was 56.4% (95% CI, 33.6-79.2%), 31.3% (95% CI, 9.1-53.6%) at 12, and 20.9% (95% CI, 0.0-43.2%) at 24 months. In Arm B, median OS was 7.6 months (95% CI, 3.5-19.3 months) and the survival rates at 6 months were 54.8% (95% CI, 29.4-80.2%), 39.1% (95% CI, 13.3-64.9%) at 12, and 23.5% (95% CI, 0.6-46.3%) at 24 months. 
Safety
Most AEs were mild or moderate (grade 1 or 2). Grade 3/4 AEs included asthenia (n=3), chest pain (n=1), injection site reaction (n=1), vomiting (n=1) and acute cardiomyopathy (n=1). Treatment-related grade 3/4 AEs were more common in Arm B and included atrial fibrillation (n=1), hiccups (n=1), asthenia (n=1), injection site reaction (n=1), respiratory tract infection (n=1), anorexia (n=1), peripheral motor neuropathy (n=1), bronchospasm (n=1), dyspnea (n=1) and phlebitis (n=1). Severe muscular toxicities included myalgia (n=1) in Arm A, and muscle weakness (n=2), muscle cramps (n=1) and myalgia (n=1) in B.
The treatment-related muscular AEs found in either arm were myalgia and muscle weakness, and their incidence was lower in Arm A (myalgia: 36.8% of patients and 19.2% of cycles; muscle weakness NOS: 26.3% of patients and 7.5% of cycles); Arm B (myalgia: 55.0% of patients and 19.8% of cycles; muscle weakness: 30.0% of patients and 12.6% of cycles). Most cases were mild or moderate. Severe muscular AEs were found in both arms and usually lasted for one cycle only, but were more common in Arm B (four cases of grade 3/4 muscle weakness, grade 3 muscle cramps or grade 3 myalgia) than in A (one grade 3 myalgia). Two treatment-related cardiac AEs were found with each regimen, but only one patient in Arm A discontinued the study as a result.
CPK elevation was more common in Arm B (45.0% of patients and 12.2% of cycles) than in Arm A (31.6% of patients, 8.4% of cycles). Most cases were mild or moderate, and severe increases were found in one patient and one cycle in each arm. However, whereas three patients in Arm B had to discontinue the study due to events related to CPK elevation alone or concomitant with muscular toxicity, no patients in Arm A did so.
Most treatment-related AEs were mild or moderate, and severe hepatic and muscular toxicity was infrequent and transient. Increasing the plitidepsin dose to 7 mg/m 2 was associated with a greater incidence of severe treatment-related AEs, non-hematological toxic events (mainly transaminase and CPK elevations) and treatment-related SAEs. Coadministration of L-carnitine did not prevent the occurrence or severity of muscular toxicity and CPK elevation. 
Discussion
This phase II study evaluated two regimens of plitidepsin given as a 24-hour i.v. infusion every two weeks to patients with advanced RCC.
Most patients discontinued the treatment due to disease progression, regardless of the regimen administered. Discontinuation due to toxicity was more common with 7 mg/m 2 plus L-carnitine than with 5 mg/m 2 , and muscular toxicity and/or CPK elevation were the cause of discontinuation of four patients treated with 7 mg/m 2 plus L-carnitine but none of those treated without L-carnitine.
Coadministration of L-carnitine provided no protection against the muscular toxicity associated with a higher dose level of plitidepsin and its use in further studies is not warranted. The primary objective of this study, which was to determine the effectiveness of plitidepsin, was met. Five patients showed evidence of disease control: two had confirmed PR and one had confirmed SD with 5 mg/m 2 , while two had confirmed SD with 7 mg/m 2 plus L-carnitine. Based on these results, The overall results suggest that plitidepsin induces some antitumor activity in selected patients, with better results being achieved with the 5 mg/m 2 regimen.
The standard of care of advanced RCC has rapidly changed during the conduct of this trial with the development of new therapies such as VEGF inhibitors or the mammalian target of rapamycin inhibitors [19] . The 10.5% response rate achieved in this study with plitidepsin 5 mg/m 2 is similar to the 10-15% found with traditional standards such as IFN-alpha or high-dose IL-2 [20, 21] and to the 11% reported for sorafenib [22] , although lower than the response rate found with sunitinib [26] or bevacizumab combined with IFN [24] .
Other potential new therapies have been chosen for further development based on survival improvement in spite of low response rates. For instance, phase II trials in patients with metastatic refractory RCC showed that temsirolimus induced a response rate of only 7% but a median survival of 15 months [25] . Numerous studies are currently assessing different combinations of active agents in this setting.
The antitumor activity of plitidepsin, similar to that of some approved single agents together with its unique effects on VEGF secretion which have not been described with other agents used for treatment of RCC open the way to future studies evaluating the potential of combining this marine compound with therapies currently available for the treatment of RCC.
